In order to evaluate the role of sediment subduction in the magma genesis in the Setouchi volcanic belt, SW Japan, bulk rock compositions of both pelagic sediments from the Philippine Sea (GDP 15-12) and trench-filled sediments from the Nankai Trough (DSDP site 582) were determined. The analytical result shows that trace element concentrations, particularly Pb, Ba and Th, of the pelagic sediments are much higher than those of the terrigenous sediments. Mixing calculations using these elements indicate that the terrigenous sediments rather than the pelagic sediments played a major role in producing the Setouchi magmas. To obtain further constraints on the origin of Setouchi magmas, a model of melt-mantle reaction was examined based on the assimilation fractional crystallization formulation (AFC). The result also indicates that the terrigenous sediment is a dominant metasomatic agent. In addition, the model suggests that the fractionation of orthopyroxene with minor hornblende would be essential to produce the Setouchi magmas. Taking the hornblende fractionation into account, Pb/K 2 O and Pb/Rb ratios on MgO variation diagrams also indicate similar contributions. Since the breakdown of mica, which is included both in the pelagic and terrigenous sediments, is inferred to induce dehydration melting of the sediments, above geochemical characteristics suggest that both sediments would melt simultaneously beneath the Setouchi area.
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1991).
Due to high mantle temperatures during the early Archean, the production rates of a new continental crust during the period were probably much higher than those during the Phanerozoic period (e.g., McCulloch and Bennet, 1994) . Thus, arcs with unusually high geothermal temperature gradients can provide a key constraint on the chemical differentiation of the earth. Although the behavior of an altered oceanic crust in hot subduction zones have been well studied (Defant and Drummond, 1990; Peacock, 1990) , the behavior of sediments in hot subduction zone environments have not yet been examined because sediments were presumed to be absent in slabs during the
INTRODUCTION
Among the slab constituents, sediments have much higher incompatible element concentrations than either altered oceanic crust or mantle peridotite presenting the major incompatible element reservoir of a subducting slab (e.g., McCulloch and Gamble, 1991) . As a result, the subducted sediments can have a major effect on the composition of the mantle and modern arc magmas (Armstrong, 1971; Kay et al., 1978; Plank and Langmuir, 1993) . Thus models for the origin of the mantle geochemical reservoirs, such as EM-I and EMII, require the sediment recycling back into the mantle (Zindler and Hart, 1986; Weaver, Archean period.
However, chert, shale and banded iron formations are common in the Archean Greenstone belt (Windley, 1995) , indicating that the sediment subduction had already occurred at the Archean time. If this is the case, sediment melting within a slab is also a likely consequence of subduction when steep geothermal temperature gradients are present. In spite of this occurrence, the behavior of sediments in the hot subduction zones has never been considered. While the origin of the first continent, which can provide sediment, is still a puzzle, the effect of sediment subduction to the mantle after the first continental formation should be important to understand the chemical evolution of the earth.
Subducting sediments are composed mainly of terrigenous and pelagic types. Although the relation between subducted sediments and arc magmas has been studied, it is difficult to distinguish the contributions of these types of sediments to the arc magmas because either type of sediment can account for the isotopic compositions, which are commonly used tracer for sediments, of the arc magmas (e.g., Shimoda et al., 1998) . Since the contributions of specific sediment sources to arc magmas remain ambiguous, it is important to discriminate the sedimentary signatures in arc magmas by other means in order to understand the cycling of crustal material.
Because of opening of the Japan Sea behind the SW Japan arc and subduction of the young Philippine Sea plate (27-17 Ma; Okino et al., 1994) beneath SW Japan arc in middle Miocene, it has been inferred that unusually high temperature conditions developed beneath that area (Furukawa and Tatsumi, 1999) . These high temperatures induced the subducting sediment to melt and produced the Setouchi high-Mg andesites (HMAs) and basalts rather than an altered oceanic crust derived component (Ishikawa and Nakamura, 1994; Shimoda et al., 1998) . Although slab melts derived from terrigenous sediments may contribute to the production of Setouchi magmas (Shimoda et al., 1998) , the contributions from pelagic sediments have not been considered.
Although studies based on the chemical composition of sediments are growing in importance, little research work has been conducted using pelagic sediment compositions, probably due to the difficulty in sampling. In this study, the chemical compositions of the pelagic sediments from the Philippine Sea and the terrigenous sediments from the Nankai Trough were determined (Fig. 1) . These data revealed the relationship between different types of sediments and the arc magmas at the hot subduction zone, i.e., SW Japan arc. The focus of the study was a detailed analysis and geochemical characterization of pelagic and terrigenous sediments. (Taira and Niitsuma, 1985) and GDP 15-12 (Shiki, 1985) 
SAMPLE DESCRIPTION AND ANALYTICAL PROCEDURES
The Setouchi volcanic belt was selected because the volcanism in this area was related to subduction of young and hot Philippine Sea plate (27-17 Ma; Kobayashi and Nakada, 1978; Okino et al., 1994) and back arc opening of the Japan Sea (SW Japan rotation; Otofuji et al., 1985 Otofuji et al., , 1991 Jolivet and Tamaki, 1992) . The selected pelagic and terrigenous sediments were recovered from the Philippine Sea (GDP 15-12; Fig. 1 ) and the Fig. 1 ), respectively, as representative sediments which subducted beneath the SW Japan. Details for these samples have been discussed in Shiki (1985) and Taira and Niitsuma (1985) . For these samples, major and trace elements were analyzed with the RIGAKU ® Symaltics 3550 and 3070 X-ray fluorescence (XRF) spectrometers using fused glass beads and pressed powder pellets, respectively. Details of counting times, operating conditions and detection limits are in Tatsumi (1991, 1992) . Analytical errors for trace elements are less than 5%, except for Pb (7%). Rare earth elements (REE) concentrations for average pelagic and terrigenous sediment samples were determined with an inductively-coupled plasma atomic emission spectrometer (ICP-AES; Seiko Instruments Inc. SPS 4000) based on the analytical procedure reported by Iwasaki and Haraguchi (1988) . These average sediment samples were prepared by even mixtures of pelagic and terrigenous sediments samples, which included sediments reported in Shimoda et al. (1998) .
RESULTS
Major and trace element compositions are listed in Table 1 . REE concentrations of composite samples of pelagic and terrigenous sediments are listed in Table 2 . The SiO 2 variation diagrams and the "spider diagram" for pelagic and terrigenous sediments are shown in Figs. 2 and 3, respectively. Global subducting sediments (GLOSS; Plank and Langmuir, 1998) , North American shale composite (NASC; Gromet et al., 1994) and Pacific authigenic weighted mean sediment (PAWMS; Hole et al., 1984) are also shown in these figures as representative sediments. Figure 2 shows that major element compositions of terrigenous sediments are similar to that of NASC and in good agreement with that of average terrigenous sediments from Nankai Trough (T-COM; Shimoda et al., 1998) . This indicates that terrigenous sediment, which used in this study, has a common major element composition. Major element compositions of the pelagic sediments in this study, on the other hand, are different from NASC and T-COM.
Trace element patterns of the pelagic and terrigenous sediments, GLOSS, NASC and T-COM are broadly similar (Fig. 3 ). This trend shows that the pelagic sediments in this study are suitable to infer the behavior of pelagic sediment at the hot subduction zone. In detail, trace elements compositions of the pelagic sediments are characterized by higher trace elements concentrations, especially in Pb, Ba and Th (Fig. 3) . Trace elements patterns of the terrigenous sediment are in good agreement with NASC, T-COM and GROSS. To compare the chemical characteristic of subducted sediments and related arc magma, the Setouchi primitive HMAs and basalts are also shown on this figure by the hatched area.
REE patterns of average pelagic and terrigenous sediments are shown in Fig. 4 along with those of GLOSS, NASC and PAWMS. All of these sediments except PAWMS have similar REE patterns. The average pelagic sediment (PS-C) has higher light rare earth elements (LREE) concentration but lower heavy rare earth elements (HREE) concentration than those of GLOSS and NASC, probably reflecting local sedimentation process (Plank and Langmuir, 1998) . The average terrigenous sediment (TS-C), on the other hand, has lower REE concentration than GLOSS Sun and McDonough (1989) . and NASC but has similar REE pattern to those of GLOSS and NASC. This REE pattern of TS-C would indicate that the terrigenous sediments in this study are originate from continental detrital materials.
DISCUSSION

Mixing of mantle peridotite with sediment derived components
Previous studies have demonstrated that the Setouchi magmas are a mixture of mantle peridotite and the melt derived from sediments (e.g., Shimoda et al., 1998) . This notion is based on the following reasons: (1) Pb, Nd, Sr and B isotopic compositions of the Setouchi magmas require the sediment derived component to be a (Plank and Langmuir, 1998) , NASC (Gromet et al., 1994) and PAWMS (Hole et al., 1984) are also shown. The Setouchi primitive HMAs and basalts are also shown on this figure by the hatched area. 
Fig. 4. REE patterns for average pelagic (PS-C) and terrigenous (TS-C) sediments along with those of GLOSS, NASC and PAWMS.
metasomatic agent for generation of the Setouchi HMAs and basalts (Ishikawa and Nakamura, 1994; Shimoda et al., 1998) ; (2) A numerical simulation has demonstrated that a high temperature condition required for sediment melting can be developed beneath the Setouchi area (Furukawa and Tatsumi, 1999) ; and (3) The Setouchi HMAs and basalt can coexist with mantle peridotite (Tatsumi, 1982) . Although the mixing process of the mantle peridotite with the sediment derived melt should be discussed by a reaction proposed by Kelemen (1995) in a strict sense, we will apply the bulk mixing model as the first order approximation to evaluate the processes.
As noted earlier, the relative importance of different types of sediments (i.e., the pelagic vs. terrigenous) in the mixture cannot easily be evaluated because of the similarity in isotopic compositions of commonly utilized geochemical tracers (Shimoda et al., 1998) . Here we attempt to apply the trace elemental geochemistry to evaluate individual behaviors of pelagic and terrigenous sediments during the mixing process. In applying the bulk mixing model with elemental compositions, we first need to select the appropriate pairs of elements with similar ionic radius and the same charge. This selection is based on an assumption that the distribution coefficient of elements mainly depends on their ionic radius and charges (Matsui et al., 1977) . This would also minimize the effects of possible elemental fractionations during partial melting, fractional crystallization and the other processes, which take place from slab melting through to eruption.
The abundances of Pb, Ba and Th in the pelagic sediments are greatly different from those in the terrigenous sediments (Fig. 3) . Thus, these elements should be appropriate to distinguish the contribution of the pelagic and terrigenous sediments in arc magmas. The Pb and Ba are divalent elements with ionic radii of 118 and 136 pm, respectively and the Sr is also divalent with a similar ionic radius of 113 pm. Hence, the Pb, Ba and Sr would behave coherently in arc magmas. If this is the case, Pb/Sr and Ba/Sr ratios can be used as tracers for slab components. In addition to the above two elemental pairs, the ratio of Th to Zr might also be used as a tracer of two different sedimentary components because both are tetravalent elements. Before applying these ratios, we discuss the effects of sulfur and zircon on the chemical characteristics of the arc magma, because these would affect the Pb and Zr abundances in the magma.
Regarding the effect of sulfur on Pb abundance, it should be noted that the most important control of sulfur behavior is the redox condition of the system. In the modern subduction zones, a significant part of sulfur supplied from the slab is transported to the surface carried by the arc magma (Ueda and Sakai, 1984) , and the arc magmas is inferred to be produced by the dehydration processes of subducted slab and subsequent melting process of the hydrated mantle wedge, suggesting that the arc magmas are initially water saturated (Tatsumi, 1989) . Hence we infer the redox condition of the Setouchi magmatic process would not differ significantly from the modern arc magmatic process even in the mantle wedge because the sediment melting considered to be induced by the dehydration of hydrous minerals (Thompson, 1982; Breton and Thompson, 1988; Vielzeuf and Holloway, 1988) , which leads to the formation of a water saturated melt. Thus, it is conceivable that sulfur will also be partitioned into the melt rather than into minerals during the sediment melting and the formation of the Setouchi magmas. As a result, the bulk distribution coefficient of Pb should be lowered and never be increased with the existence of sulfur in the sediment melt because Pb is an element with a powerful affinity with sulfur. This indicates that the most important characteristic of Pb, i.e., the highly incompatible behavior during the sediment melting, would be preserved.
The chemical fractionation by the zircon saturation is likely consequence in the low temperature siliceous sediment melt (Watson and Harrison, 1983; Johnson and Plank, 1999) . In fact, fractionation between Nb and Th was observed in Mariana arc lavas which are inferred to be derived from the sediment melt (Elliott et al., 1997) . Furthermore, relatively low Nb and Zr concentrations of the Mariana arc lavas (ca. 1 ppm and 60 ppm, respectively; Elliott et al., 1997) provide additional evidence for zircon saturation during the sediment melting. Although the Setouchi HMAs and basalts are considered to be produced by the subducted sediment melting (Shimoda et al., 1998) , these magmas are characterized by high Nb and Zr concentrations (up to 12 ppm and 120 ppm, respectively; Shimoda et al., 1998) . This geochemical feature suggests that there is no residual phase which can accommodate HFSE during the sediments melting. Furthermore, less-steep REE patterns of Setouchi HMAs and basalt imply the absence of residual zircon during the sediment melting (Shimoda et al. in prep.) . These geochemical characteristics of the Setouchi magmas suggest that HFSE behaved as incompatible elements during sediment melting. It follows that the elemental fractionation between Zr and Th would be insignificant during the generation and evolution of the Setouchi magmas.
The difference between the SW Japan and Mariana arcs might be caused by different degrees of partial melting of the subducted sediment due to the different thermal structure. In fact, it has been reported that the degree of partial melting of the subducted sediment beneath the Setouchi area (ca. 50%; Shimoda and Tatsumi, 1999) are significantly higher than the Mariana area (ca. 5%; Elliott et al., 1997) . The higher degree of partial melting of sediment produced a large amount of melt beneath the Setouchi area and can dissolve zircon in melt to decrease the bulk distribution coefficient to less than unity. Although further study for the effect of zircon saturation during the sediment melting is necessary, it may not affect the HFSE composition of the sediment melt significantly beneath the Setouchi area.
We have shown above that Pb/Sr and Ba/Sr ratios can be used as possible tracers for the sediment components in Setouchi magmas. In addition to these ratios, Th/Zr might be used to infer the source of the Setouchi magmas. Using these elemental ratios, mixing calculations have been conducted based on the following assumptions: (1) Mantle composition is obtained by calculation assuming that an N-type MORB composition (Sun and McDonough, 1989 ) was produced by equilibrium batch melting (Shaw, 1970) of typical upper mantle peridotite with 10% partial melting and bulk distribution coefficients estimated by Stolper and Newman (1994) ; (2) Source mantle composition is changed by a bulk sediment addition with compositions identical to average terrigenous and pelagic sediments compositions; (3) Addition of sediment components to the mantle does not change bulk distribution coefficients; and (4) Contaminated mantle induces equilibrium batch melting with 10% of partial melting with bulk distribution coefficients estimated by Stolper and Newman (1994) .
In these calculations, we assume bulk sediment mixing rather than sediment melt mixing. If the degree of partial melting of sediment is minimal such as beneath the Mariana arc, we should estimate the difference between the bulk sediment mixing and the sediment melt mixing as discussed in Elliott et al. (1997) . However, relatively high degree of partial melting of the sediments beneath the Setouchi area (ca. 50%; Shimoda and Tatsumi, 1999) prevented fractionation among incompatible elements during the sediment melting. Thus the bulk mixing is a reasonable place to start. Although the amount of sediment component in the magma source estimated by the sediment melt mixing is different from that of estimated by the bulk mixing, the paths of mixing curves should be identical in both cases. Since the previous work (Shimoda et al., 1998) estimated the sediment component in magma source by the bulk mixing, we use the bulk mixing to compare the results.
Results of calculations are shown in Fig. 5 . These diagrams suggest that the HMAs would be much more contaminated by the sediments than the basalts, indicating the validity of this approach because this trend is consistent with previous studies (e.g., Shimoda et al., 1998) . In addition, the contributions of the pelagic and terrigenous sediments to the HMA magma source are calculated to be ~3% and ~7%, respectively. Although both of mixings (pelagic vs. mantle and terrigenous vs. mantle) can account for the el-emental ratios of the Setouchi HMAs, the contributions of the sediments to the HMA magma source would indicate that the terrigenous sediment is a dominant mantle metasomatic component in the production of the Setouchi HMAs, because isotopic compositions of the HMAs suggest 10% contribution of sediment (Shimoda et al., 1998) . Shimoda et al. (1998) is shown with an area "Terr Sdt". The areas of the Setouchi HMAs and basalts (Shimoda et al., 1998) are also shown. The ratios of the average continental crust (Rudnick, 1995; Shaw et al., 1986; Wedepohl, 1994; Weaver and Taylor and McLennan, 1985) It is important to note that the degree of partial melting and selection of a data set for the bulk distribution coefficients do not affect the result to an appreciable extent because the geochemical characteristics of these elements are similar and thus elemental ratios used in these calculations were relatively constant. Even if the MORB composition used in the calculation is changed to an E-type MORB or OIB (Sun and McDonough, 1989) , the contribution of the sediment in the HMA do not change significantly because incompatible element concentrations of the sediment melts are much higher than those of the enriched mantle.
Slab derived melt and mantle interaction
Since the pioneering work of Kushiro (1969) , several experiments both in synthetic and natural systems have shown that HMA can be produced by hydrous melting of peridotite (Tatsumi, 1982; Hirose, 1997; Hirose and Kawamoto, 1995) . In addition, a reaction between hydrous SiO 2 -rich slab melt and overlying mantle peridotite has been proposed as an alternative production mechanism for the HMA (Pearce et al., 1992; Yogodzinski et al., 1994; Kelemen 1995) . Although the importance of this reaction is now recognized (e.g., Shimoda et al., 1998) , little is known about the behavior of trace elements during the above reactions. Thus it seems worthwhile to examine the effects of the reaction. The following melt-mantle interaction was proposed by Kelemen (1995) : slab melt (SiO 2 + H 2 O) + olivine → orthopyroxene + hornblende + melt.
As this interaction proceeds, the volume of slab derived melt would progressively decrease (Rapp et al., 1999) and composition of the melt becomes more enriched in olivine and more depleted in hornblende and orthopyroxene components. Thus, the above reaction should result in a decrease and increase in SiO 2 and MgO contents, respectively, of the derivative liquids (Carroll and Wyllie, 1989 ).
An important issue would be how the trace elements behave during the melt-mantle reaction.
To examine the behavior of the trace elements during the reaction, calculations are conducted with assimilation fractional crystallization formulation (AFC) of Depaolo (1981) based on the following assumptions: (1) Melt compositions of the pelagic and the terrigenous sediments are determined with the method which reported in Tatsumi (2001); (2) An "r" value (the ratio of assimilation and crystallization increment) in the formulation is 0.993 which was inferred from the major element composition of primitive Setouchi HMA (Tatsumi, 2001) ; (3) Compositional change of the sediment derived melts during the reaction are evaluated with varying "F" value (the residual melt fraction relative to the initial melt amount) from 100% to 0%; (4) Orthopyroxene is fractionated from the melt with or without minor hornblende (0% or 10%); (5) Distribution coefficients are from Rollinson (1993) , Green (1994) and LaTourrette et al. (1995) and Chazot et al. (1996) . The results are shown in Fig. 5 . The reaction curve of the terrigenous sediment and the mantle well fits the trend of the HMAs, basalts and terrigenous sediments (Fig. 5) . It is therefore suggested that the reaction of the terrigenous sediment derived melt with the mantle material is appropriate mechanism to explain the elemental ratios of the Setouchi HMAs and basalts. In addition, these calculations imply that the fractionation of minor hornblende would be essential to produce these trace element compositions of the Setouchi magmas. Assuming that 10% of hornblende and 90% orthopyroxene fractionate from the terrigenous sediment derived melt, mass of the HMA and the basalt are calculated to be ca. 95% and 70% of the initial melt, respectively. Although it is difficult to judge whether these values are acceptable or not, we believe these values are conceivable. Since the reaction between the pelagic sediment derived melt and the mantle material might also explain the composition of the Setouchi magmas, further consideration should be necessary.
To do so, we paid an attention to the role of hornblende, because the Setouchi source mantle was inferred to be composed of olivine and pyroxenes without hornblende (Tatsumi, 1982) . In addition, we selected LILE rather than HFSE as tracers, because the behavior of LILE is well constrained in comparison to that of HFSE, especially in subduction zone magmatism. Due to relatively large spaces in the hornblende crystal, hornblende can easily accommodate monovalent ions with large ionic radii (ca. 140-150 pm; Papike et al., 1969) . Actually, the partition coefficients of K and Rb between hornblende and melt have been reported to be 0.62-2.2 and 0.2-1.04, respectively (Adam et al., 1993; LaTourrette et al., 1995; Dalpé and Baker, 2000) , suggesting that hornblende can provide a site for alkaline metal elements. This indicates that K and Rb behave weekly incompatible or compatible elements with the hornblende. Other LILE, on the other hand, are highly incompatible with olivine and orthopyroxene and moderately incompatible with hornblende (e.g., Green, 1994) . Hence the ratios of LILE over K 2 O and Rb in the slab-derived melt increase as the reaction proceed.
Another LILE that can provide useful information is Pb (D hornblend/melt = 0.04; LaTourrette et al., 1995) because its concentrations in pelagic sediments differs from those in terrigenous sediments (Fig. 3) . Although Ba is also a member of LILE, it is not suitable to estimate the effect of the reaction because it is divalent, but has a 136 pm ionic radius, which is nearly identical to the ionic radius of K + . Indeed, high partition coefficients of Ba to the hornblende have been reported (0.16-1.59; Adam et al., 1993; LaTourrette et al., 1995; Chazot et al., 1996; Dalpé and Baker, 2000) . This indicates that Ba cannot fractionate from K 2 O and Rb during the reaction. It should be noted that all of these elements behave as incompatible element during the sediment melting (Vielzeuf and Holloway, 1988; Johnson and Plank, 1999; Tatsumi, 2001) , indicating that these elements do not fractionate each other during the sediment melting.
Another measure for the degree of the mantlemelt reaction is the MgO concentration because the olivine is added to the sediment derived melt during the reaction. Thus, the MgO concentration of the sediment derived melt correlate with the degree of the interaction. Since the amount of LILE in the mantle olivine is negligible compare to that in the sediment derived melt, MgO concentration can be independent of the LILE composition of the sediment derived melt. Although the Mg/(Mg + Fe) value may be an indicator of this reaction, it might not be suitable to test the reaction because low concentrations of both of these elements in the sediment melt can produce a high Mg/(Mg + Fe) value. Thus plots of MgO concentrations versus Pb/K 2 O and Pb/Rb ratios are used to examine the reaction. Figure 6 shows the relationships between MgO concentrations and Pb/K 2 O and Pb/Rb ratios along with primitive HMAs and basalts (FeO*/MgO less than 1; FeO* total iron as FeO; Shimoda et al., 1998) . These diagrams indicate that ratios for the Setouchi HMA and basalts lie between the values for terrigenous and pelagic sediments with higher Mg concentrations (Figs. 6a and 6b) . If the composition of the Setouchi HMA and basalt was determined by the reaction as stated by Shimoda et al. (1998) , it follows that the terrigenous sediment rather than pelagic sediment was the main component in the production of the Setouchi volcanic rocks. Although Ba is less fractionated from the K 2 O and Rb as inferred from the ionic radius, the diagrams may be consistent with that the metasomatic agent is derived from the terrigenous sediments (Figs. 6c and 6d) .
Behavior of pelagic sediment
Based on the isotopic study, it has been concluded that unusually high temperatures beneath the Setouchi area induced the subducting sediment to melt and produced the HMA and basalt magmas (Shimoda et al., 1998) . In addition, the chemical composition of less fractionated granites, which was produced coincidently on the trench side of the Setouchi volcanic zone, has been explained by the mixing of a primary magma of which composition is similar to the Setouchi HMA with the upper crust (Shinjoe, 1997) . These factors suggest that the terrigenous sediments derived melt would also play an important role in the producing arc magma in most of the fore-arc region in the SW Japan arc.
Because of higher concentrations of incompatible elements in the pelagic sediment, it should add a striking effect to the mantle and arc magma compositions, but the pelagic sediments signature was not detected in HMAs and basalts. According to previous works, slab (both of the oceanic crust and sediments) melting was induced by the addition of free H 2 O, which is released by the hydrous mineral breakdown (e.g., Defant and Drumond, 1990; Vielzeuf and Holloway, 1988) . In the case of the pelitic system, dry solidus (800-870°C) can be defined by mica (muscovite or biotite) dehydration reactions (Thompson, 1982; Breton and Thompson, 1988; Vielzeuf and Holloway, 1988) . Hence the pelagic and terrigenous sediments should melt simultaneously beneath the fore-arc region because the mica is a common phase in both sediments.
Implication for the evolution of depleted mantle and continental crust
Although the pelagic sediments contain a much greater proportion of incompatible elements than the terrigenous sediments, they play a relatively minor role in the production of HMAs and basalts. This observation would reflect the relatively small amounts of the pelagic sediment on the slab as observed in present day Nankai trough (Plank and Langmuir, 1998) probably due to the slow deposition rate of pelagic sediments relative to that of terrigenous sediments. In addition, owing to the young age of the Philippine Sea plate, the total accumulation of pelagic sediment was presumably small. Thus pelagic sediments might have melted beneath the Setouchi area without being identifiable.
The common existence of chert and shale in the Archean Greenstone belt (Windley, 1995) would indicate that the sediment was already subducted even in the Archean period. Thus the sediments might also be a major incompatible elements reservoir in the slab during the Archean. Since the sediment can melt at the hot subduction zone, the part of the subducted sediment would be consumed to produce new arc magma in the Archean period. This notion may suggest progressive continental growth. Although there is some uncertainty for the behaviors of HFSE due to refractory minor minerals such as zircon, apatite and rutile, most of LILE, at least, are partitioned into the sediment melt (Johnson and Plank, 1999) and can not subduct into the deeper mantle. Thus, the mantle has never been refertilized in LILE by the sediments subduction at the hot subduction zones. Consequently, the process effectively produced a depleted upper mantle. At the same time, the sediment derived melt which rose through the mantle wedge produced an enriched uppermost mantle such as mantle keel beneath the arcs (proto-continental crust) by the mantle-melt reaction.
CONCLUSION
Since the concentrations of Pb, Ba and Th are substantially different in pelagic and terrigenous sediments, these elements can be used to distinguish the sediment types in an arc magma source. In order to reduce the effect of the complicated history of magma generation, Ba/Sr, Th/Zr and Pb/ Sr ratios were used to reveal the contribution of the sediments to Setouchi HMA and basalt, which were produced at the subduction zone under unusually steep geothermal temperature gradients. The elemental ratios indicate that the terrigenous sediment derived component was the dominant metasomatic agent in the production of the Setouchi HMAs and basalts. Mixing calculations using these ratios are consistent with a recent isotopic study, which has shown that ~10% of the terrigenous derived material was added to the HMA magma source (Shimoda et al., 1998) . Furthermore, the model of the melt-mantle interaction which is based on the assimilation fractional crystallization (AFC) indicates not only that the terrigenous sediment is a dominant metasomatic agent but also that the fractionation of orthopyroxene with minor hornblende (~10%) would be essential to produce the Setouchi HMAs and basalts. The Pb/K 2 O and Pb/Rb ratios of the Setouchi HMAs and basalts are higher than those of the terrigenous sediment but lower than those of the pelagic sediment. These trends show that the terrigenous sediment was the main source of the slab-derived component because the reaction between the sediment derived silicic melt and mantle peridotite should raise these ratios. Taking the chemical composition of the pelagic sediment into account, it is possible that the pelagic sediment also melted beneath the Setouchi region, but we cannot detect its signature in either HMAs or basalts. This can be explained by the small amount of the subducted pelagic sediment beneath the SW Japan arc, due to the low sedimentation rate and young age of the slab. The melting of the sediments would preclude incompatible elements, especially LILE, recycling back into the mantle, and may contribute to the progressive continental growth and the evolution of a depleted mantle during the Archean.
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